Background: Endophthalmitis is a severe eye infection leading to disabling outcome. Because there were only a few case report illustrating endophthalmitis in chronic dialysis patient, we would like to investigate the epidemiology and clinical features of endophthalmitis in chronic dialysis patient in a tertiary referral center. Methods: We searched the health information system in the study hospital with ICD9 encoding endophthalmitis during Jan. 2002 to Dec. 2015. A total of 32 episodes of endophthalmitis occurred in chronic dialysis patients. We performed an 1:2 case-control match on propensity score. The demographic features, clinical manifestation, infection focus and visual outcome were recorded. Results: Of the total of 32 patients, 25 were classified as endogenous endophthalmitis and another seven were exogenous. Most patients presented with ophthalmalgia (n = 32, 100%) and periocular swelling (n = 31, 96.8%), whereas half of the patients suffered blurred vision (n = 16, 50%). Staphylococcus aureus, Klebsiella pneumoniae, and Pseudomonas aeruginosa were the most frequent causative pathogens. Dialysis vascular infection was also a possible unique focus for bacteremia. The visual acuity of the endogenous groups were less likely to improve in the chronic dialysis patients compared with control group. Conclusion: This is the first and the largest case series focusing on endophthalmitis in chronic dialysis patients. Our study showed different pathogen spectrum, an unique bacterial origin and worse visual outcome in these group of patients. Prompt referral to ophthalmologists when the patients present with suspicious symptoms (blurred vision, ophthalmalgia and periocular swelling) is crucial.
Background
Endophthalmitis is a serious ocular infection that frequently leads to blindness, and it can be further divided into endogenous and exogenous, based on the presence of ocular trauma or surgery prior to the onset of eye infection [1, 2] .
Endogenous endophthalmitis usually presents with blurred vision and ocular pain, and only less than half of patients have systemic infectious signs including fever [3] . Retrospective studies demonstrated significant risk factors of endogenous endophthalmitis including diabetes, intravenous drug user, immunosuppressive therapy, active malignancies, and cardiac disease [3] [4] [5] [6] [7] [8] . Exogenous endophthalmitis, especially those occur after cataract surgery, is widely described. The risk factors include diabetes, male gender, old age and lack of prophylactic perioperative antibiotics [9] [10] [11] .
Despite extensive literatures in the general population, there are few studies and reports featuring this serious infection in chronic dialysis patients, of which the immunity is impaired and bloodstream infections are common [12] [13] [14] . We here described the largest series of endophthalmitis among chronic dialysis patients in a tertiary referral medical center in Northern Taiwan.
Methods
The study was carried on at Linkou Chang-Gung Memorial Hospital (CGMH), a tertiary referral centre with about 3700 beds and an average of 107,00 episodes in-patient service annually. This study protocol was approved by the Institutional Review Board (IRB) of the study hospital (Institutional Review Board of Chang Gung Medical Foundation, approval number: 201600974B0). The need of informed consent was waived because of the lack of different intervention to patient groups and no breach of patient privacy.
With the approval of IRB, we accessed and searched the health information system (HIS) of Linkou ChangGung Memorial Hospital (CGMH) during Jan. 2002 to Dec. 2015 by using the diagnosis codes (ICD9: 36,000, 36,001, 36,002, 36,019) from the discharge summary of all admission patients. The records of 1145 consecutive patients with diagnosis codes of endophthalmitis from January 2002 to December 2015 were reviewed retrospectively. Patients with end stage renal disease (ESRD) received chronic dialysis that developed endophthalmitis were included. Patients younger than 18-year-old or those undergone solid organ or hematologic stem cell transplant were excluded. The demographic, clinical and laboratory data were collected. The patients were considered cancer/malignancy-free if no relevant information obtained from the HIS or he/she has survived more than 5 years after cancer treatment. The ongoing treatment modality for those with active cancer were also recorded. After excluding patients with abnormal renal function (serum creatinine >1.0 mg/dL) from the previously mentioned 1145 patients with endophthalmitis, we performed an 1:2 case-control match on propensity score dependent on age, sex and the presence of diabetes mellitus.
The visual acuity was expressed as a Snellen test measured at 6-m distance (6/6 vision). Visual acuity below 6/60 was further divided into four categories with a descending order, i.e., count fingers (CF), hand movement (HM), perception of light (PL) and no perception of light (NPL). The visual outcomes were categorized into four groups: improvement, stationary, deterioration, or enucleation. Improvement of visual acuity was defined as a gain of more than two lines of Snellen visual acuity or a one-step improvement of the "below Snellen" scales (e.g. PL to HM, or CF to 6/60). Deterioration was defined as a loss of more than two lines of Snellen visual acuity or a one-step worsening of the "below Snellen" scales (e.g. 6/60 to CF, PL to NPL, or CF to HM). Patients with endophthalmitis were further classified into endogenous or exogenous group. The exogenous group was defined as those received within 6 weeks after ophthalmologic surgery or eyeball trauma. The rest of patients were classified into endogenous group.
Statistical analysis
The categorical variables are presented with proportion and are compared by Chi-square test. The continuous variables including age, C-reactive protein and white blood count level are presented with mean and standard deviation, and these variables are tested by independent T-test. Variables such as post-operative duration and the duration between symptom onset to the day evaluated by ophthalmologist are presented as a range and median. All statistical analysis are performed by SPSS version 17.
Results
We enrolled 1145 hospitalized patients with a discharge diagnosis coding of endophthalmitis from a total of 1,494,342 admission episodes since January 1, 2002 till December 31, 2015 (ICD9 code: 36,000, 36,001, 36,002, and 36,019). A total of 41 episodes of endophthalmitis were found in patients received dialysis procedure during their hospitalization. After thorough chart review, nine episodes were excluded (one was pediatric patient, two patients had acute kidney injury, one suffered endophthalmitis before entering ESRD, one with glaucoma rather than endophthalmitis, and four with erroneous coding from previous episode). Of the 32 chronic dialysis patients entering final analysis, 25 were classified into endogenous whereas the other 7 were exogenous. The clinical information of these patients were summarized in Tables 1 and 2 for endogenous and exogenous endophthalmitis, respectively. After propensity score matching based on age, sex and DM, a total of 57 patients with normal renal function were sorted as control group, with 31 endogenous and 26 exogenous endophthalmitis. The demographic data of the dialysis and control group were summarized in Table 3 .
Diabetes mellitus was the most frequent co-morbidity across all groups. Hypertension, coronary artery disease and congestive heart failure were more frequent in the dialysis, endogenous endophthalmitis group compared with control (p < 0.05). Only one dialysis patient in the endogenous group takes prednisolone 5 mg per day for underlying systemic lupus erythematosus (SLE). Three dialysis patients in the endogenous and one patient in the exogenous group had active hepatocellular carcinoma (HCC), and all of them received local treatment with repetitive radiofrequency ablation or trans-arterial embolization. One dialysis patient in the endogenous group had both completely treated liver and urinary tract cancer and was in disease free status. Three patients in control group had active cancer (1 with hepatocellular carcinoma, 1 with bladder urothelial carcinoma, and 1 with eyelid basal cell carcinoma).
The clinical manifestations of endophthalmitis are summarized in Table 4 . The right eye was numerically more frequently involved in the dialysis group compared with control, but this difference did not reach statistical significance. Periocular swelling and ophthalmalgia were more frequently seen in the dialysis than control group, in both endogenous and exogenous endophthalmitis (p < 0.05). The median duration from symptom onset to the visit of ophthalmologist were 2 days in dialysis group and 3 days in control group. For endogenous endophthalmitis, the proportion of fever, shock, respiratory failure, or bacteremia were not statistically different in dialysis and The outcomes regarding visual acuity were summarized in Table 5 . There were missing data of 5 patients in the earliest era (2002) (2003) . Another two patients in the endogenous group were unable to evaluate visual acuity because of impaired consciousness at presentation. After treatment, visual acuity of most patients in both group remained stationary, while only a small fraction of them achieve some degree of improvement. Most Table 6 . In the endogenous group, only three patients had positive blood and vitreous culture with same microorganisms. Staphylococcus species, Klebsiella pneumoniae and Pseudomonas species are among the most common isolated pathogens of endogenous endophthalmitis in the dialysis group. In control group, Klebsiella pneumoniae was the most common pathogen identified in those with endogenous endophthalmitis, and most of these patients suffered Klebsiella pneumoniae Table 6 Microbiological features of endophthalmitis in chronic dialysis patients 
Staphylococcus epidermidis 1
Staphylococcous homonis 1

Streptococcus pneumoniae 2
Group B Streoptococcus 2
Streptococcus oralis 1
Enterococcus faecalis 1 1 1 3
Aerococcus 1
Bacillus cerues 1 Gram negative bacteria
Klebsiella pneumoniae 3 3 4
Pseudomonas aeruginosa 1 2 2
Pseudomonas fluorescens 1
Morganella morganii 1
Stenotrophomonas maltophilia 1 2
NFGNB 1
Myroides odoratus 1
Ochrobacterium sp. bacteremia from various focus including hepatic, renal and retroperitoneal abscesses; while Coagulase-negative Staphylococcus and Enterococcus faecalis were the most common pathogen causing exogenous endophthalmitis in the control group.
Discussion
Endophthalmitis is a serious condition that may leads to blindness, for which prompt management may be associated with the vision outcome [1, 2] . It can be generally divided into endogenous or exogenous. The exogenous endophthalmitis is more common, and can be resulted from surgery, trauma or extension of ocular surface infection. The endogenous endophthalmitis is rare, accounting for only 5-10% of the endophthalmitis population, and is mostly caused by secondary inoculation of microorganisms from infective foci such as wound, endocarditis, liver abscess, and urinary tract infection, etc. [1, 2, 7] . In our case series, the prevalence of endogenous endophthalmitis is higher than exogenous endophthalmitis in chronic dialysis patients. Chronic dialysis patients have defects in both innate and adaptive immunity, thus predispose them to infectious disease [12, 13] . However, only a few case reports described endogenous endophthalmitis of dialysis patients in the literature. These case reports highlight that vascular access should be considered as a possible and unique infection source in dialysis population [15] [16] [17] [18] . In a retrospective study in Denmark, the incidence of first episode of bloodstream infection in dialysis patients is higher than that in population control [19] . This group also demonstrated a very high incidence of Staphylococcal bacteremia in dialysis patient [20] . Studies from Canada also found that dialysis is a strong risk factors of both Pseudomonal and anaerobic bacteremia [21, 22] . Because of the higher incidence of bloodstream infection, the dissemination of bacteria into various organs becomes an important issue. In studies focusing on general population with endophthalmitis, the most common pathogens are Staphylococcus aureus [3, 5, 6, 8, 23] , Klebsiella pneumonia [3, 6, 7] , and Candida species [5] [6] [7] . In our case series, the main bacteria isolates from dialysis population include Staphylococcus species, Klebsiella pneumonia, and Pseudomonas aeruginosa; while in the control group, the most common pathogens include Klebsiella pneumonia, Staphylococcus species, and Enterococcus faecalis. The most prominent difference is the presence of Pseudomonas aeruginosa and this implies the necessity of anti-pseudomonal coverage in empiric treatment for endogenous endophthalmitis in chronic dialysis patients.
Chronic dialysis patients are also frequently subjected to bacteremia because of vascular access infection [24] . In our study, 4 of the 25 patients diagnosed with endogenous endophthalmitis have documented vascular access infection. All of them have arterio-venous grafts or tunneled cuffed catheter, which is compatible with previous studies indicating higher risk of bloodstream infection when using vascular access other than native arterio-venous fistula [25, 26] . However, because of the lack of concordance in blood and vitreous culture in three of four dialysis patients, we cannot conclude the causal relationship between the vascular access infection and endogenous endophthalmitis, but only address the possibility of unique bacterial source in the dialysis group.
The outcome of endogenous endophthalmitis is poor but with some improvement over the last two to three decades [3, 4] . Compared with more recent endogenous endophthalmitis in general population and our control group, the dialysis patients may have poorer initial visual acuity and less favorable visual outcomes [5, 6, 8] . This may be explained by higher proportion of diabetes mellitus (72%) in our group than in studies of general populations (29~62%) [3] [4] [5] [6] [7] [8] 23] . The higher proportion of diabetes mellitus in out chronic dialysis patients can explain more prevalent diabetic retinopathies before the index episode of endophthalmitis. The initial visual acuity is associated with final visual outcome, as shown in a retrospective study by Nishida et al. [8] . Any delay in diagnosis will possibly lead to worse visual outcome [3, 4, 23] .
We found 7 dialysis patient had exogenous endophthalmitis after surgery. Six patients are male and six patients have diabetes mellitus (DM). Male gender and DM have been described as patient-associated pre-operative risk factors for post cataract surgery endophthalmitis [11] . Based on previous studies and meta-analysis, prophylaxis with intracameral injection of cefuroxime reduce the rate of post cataract surgery endophthalmitis [27] [28] [29] . Because our patients underwent cataract surgery in other ophthalmologic clinic, we were not aware of the use of prophylaxis antibiotic during the surgery. The visual outcome of exogenous group is better than endogenous group in our patient series (proportion of final visual acuity better than 6/60: 28.6% v.s. 8.0%). Although more patients in the control group achieve visual acuity better than 6/60, the difference is not statistically significant (control: 53.9% v.s. dialysis: 28.6%, p = 0.235). By comparing the proportion of final visual acuity better than 6/60, the dialysis group with exogenous endophthalmitis has worse outcome than that in the general population. Choi et al. reviewed the outcome of post-cataract surgery endophthalmitis in Asia and found the final visual acuity better than 20/200 were between 31.6 to 100% [30] . In a nationwide 6-year cohort in Sweden, Friling et al. reported the proportion of final visual outcome better than 20/200 to be 66.6% [31] .
Conclusion
To our knowledge, this is the largest series of endophthalmitis in chronic dialysis patients and provides important information to the nephrologists. Firstly, as compared with general population, the prevalence of endogenous endophthalmitis is higher than exogenous endophthalmitis in chronic dialysis patients. Second, Staphylococcus species, Klebsiella pneumoniae and Pseudomonas species are among the most common isolated pathogens of endogenous endophthalmitis. Also, the vascular access should be closely evaluated because it may be a possible focus of bacterial entry in chronic dialysis patients. Third, the visual outcomes of endophthalmitis in dialysis patient may be worse than general population. Because of the potentially dismal outcome, high alert of eye symptoms in chronic dialysis patients and prompt referral to ophthalmologists are suggested for the salvage of visual acuity.
The limitation of our study includes small case numbers that may lead to inadequate power to detect smaller differences between the variables. The retrospective chart review provide evidences of association, but may not imply causal relationship. 
